This paper introduced theoretical model of calculating fuel consumption by carbon balance method. The flow measurement module was designed to test the flow of diluted exhaust. Also, gas analyzer was designed to measure the concentration of gas which contain the element of carbon. The exhaust gas dilution ratio could be changed through changing the speed of the electric motor which is regulated by the frequency converter based on opening exhaust dilution sampling technology. The software which could be used to correspond and measure checked data online was developed by VB and C. The experiments showed that the system had a high accuracy, well stabilization and reliability. It is important to evaluate and monitor fuel economy and emission performance on vehicle.
INTRODUCTION
Nowadays, energy and environmental situation is increasingly serious. Made in China 2025 demands automotive industry to save energy, reduce emission of internal combustion engine and promote the development of automotive industry by means of information. However, when vehicle are tested in the fuel-economy testing of in-use vehicle on the vehicle comprehensive performance testing line, the fuel consumption can be measured by volumetric method and gravimetric method. But the oil duct of the being detected vehicle need to be dismantled with these methods, which could cause a lot of inconvenience to actual operation [ 1 ] . Carbon balance method was deemed to solve the problems that had happened in direct measurement at home and abroad. At present, all of the systems which can measure the fuel consumption using the method like constant volume sampling (CVS) in foreign countries. But it has some defect such as huge volume, expensive and so on. Also, it is inconvenience to operate at the check line [ 2 ] . In order to solve these problems, this paper introduced an intelligent and rapid test system which was based on exhaust dilution sampling, measuring the concentration of exhaust which contain the element of carbon and theoretical model of calculating fuel consumption by carbon balance method. The system used advanced way that can analyze and measure vehicle exhaust. It can also be used to diagnose and control the fuel consumption in vehicle. It is important to popularize vehicle fuel consumption test at the check line, as well as carrying out relevant rules of law.
THE INTRODUCTION OF INTELLIGENT TEST SYSTEM
In view of the shortcomings and defect of the current automobile fuel consumption measuring instruments, this paper designed an intelligent and rapid test system which can calculate the exhaust open flow and measure the concentration of gas which contain the element of carbon [3] [4] . Figure 1 is the principle diagram of this system.
The system has the following characteristics: (1) Exhaust opening dilution sampling ;(2) It can translate analog signal into digital signal. Also, it has the advantages such as strong anti-interference ability, high measuring accuracy, well stabilization and reliability and so on. ( 3) The flow of dilution exhaust can be measured by self-designed inner v-cone flow-meter. (4) The concentration of exhaust which contain the element of carbon can be measured by self-designed gas analyzer. (5) 
ESTABLISHMENT OF CARBON BALANCE FUEL CONSUMPTION CALCULATION MODEL
According to methods of fuel consumption for light-duty vehicles in use(GB/T 19233-2008), it stipulated the fuel consumption of vehicle should be tested and calculated by carbon balance method when the vehicle was under the condition of simulating city and suburb, which measured emission of carbon dioxide (CO 2 ), carbon monoxide (CO) and hydrocarbons(HC).
In consideration of the self-designed fuel consumption system which is based on carbon balance method, the following formula for calculating vehicle fuel consumption per hundred kilometers was obtained. In the above formula, V Fuel (L/100km) is fuel consumption per hundred kilometers; RHC is mass ratio of fuel; R HC =12.01/(12.01+ hnum*1.008). In this formula, hnum (gasoline is 1.85, diesel is 1.86)is ratio of hydrogen atoms and carbon atoms; ρFuel (kg/m3)is density of fuel. MHC, MCO, MCO2 (g/km) are emission quality per kilometer of HC, CO and CO2, respectively. They could be calculated as follows [4] :
10 60 (2) In the above formula, M i is emission quality per kilometer of pollutant i ; Q v is volume flow of dilution exhaust in standard state; ρ i is density of pollutant i in standard temperature and pressure(273.3K,101.33kPa); k H is correction coefficient of humidity, which is used to calculate the emission quality of nitrogen oxide. For other components, K H is 1. ua is constant speed of vehicle. C i is concentration of pollutant i in exhaust. It could be calculated as follows:
In the above formula, i is CO 2 , CO and HC, respectively; C ei is concentration of pollutant i in dilution exhaust(ppm); C di is concentration of pollutant i in air(ppm); D F is coefficient of dilution, it can be calculated as follows:
In the above formula, C C is 13.4% when the fuel is gasoline or diesel. In addition, it is 11.9% when the fuel is liquefied petroleum gas, while it is 9.5% when the fuel is natural gas.
DESIGN OF KEY HARDWARE IN THE SYSTEM
Because the system should have high measuring accuracy to measure the flow of dilution exhaust and the concentration of gas which contain the element of carbon, we designed key hardware such as inner v-cone flow-meter and gas analyzer were by ourselves.
Design of inner v-cone flow-meter

Model of flow calculation
The inner v-cone flow-meter is a differential pressure flow meter through cone body throttling, like this is shown in figure2.It has advantanges as well as venturi tube, annular orifice plate and abrasion resistant orifice plate. Besides, it has characteristics such as well stabilization and reliability, steady flow coefficient, wide range and high precision, so it can be used to realize accurate measurement of flow [ 4 ] .The calculation formula of flow can be illustrated as follows:
In the formula, K is flow coefficient of inner v-cone flow-meter in standard condition, which is related to sensor parameters and medium property parameters (0℃, 101.33 kPa); ∆p(p1-p2) is pressure difference before and after cone; P1 is inlet absolute pressure; P2 is back pressure of the cone; T is inlet absolute temperature. . The flow should be changed into standard flow according to GB18352. . The test data were shown in tableⅠ. In order to find the relationship measured value between flow-meter and CVS, we took the measured value from flow-meter as abscissa, while taking the measured value from CVS as ordinate. Then, the fitting curves were drawn from each group. From the figure 4, it could be found that the measured values from flow-meter and CVS have good linear relationship. In addition, self-designed flow-meter which has good accuracy and stability could be used to measure the flow of diluted exhaust.
Design of gas analyzer
Structure design and measurement principle of gas analyzer When exhaust from vehicle were mixed with background air, the concentration of CO 2 , CO and HC were very low as compared to the concentration measured by direct sampling analysis system [ 6 ] . In order to solve this problem, the gas analyzer was designed to measure the concentration of carbonaceous gas. In addition, the maximum measuring range of CO 2 was 0.02, the maximum measuring range of CO was 3000ppm while the maximum measuring range of HC was 3000ppm.
In figure5, the gas analyzer mainly consists of the following parts: infrared light, gas chamber, infrared narrow band filter, infrared detector, signal processing circuit, SCM (Single Chip Micyoco) control circuit and so on. Its measuring principle is as follows. When the gas which was mixed with dilusion exhaust and background air was sent to gas chamber, the infrared light source radiates the light beam with a wavelength range from 2 to 9µm. The light signal (containing infrared light and reference light absorbed by CO 2 , CO, HC respectively) which came from the light beam passing through the gas chamber and narrow band filter was received by infrared detector. Also, it was converted to output current analog signal. The digital signal which was converted from output current analog signal by signal processing circuit. After it was managed by SCM control circuit, the signal was sent into computer by serial communication. With this, the value of gas concentration was received from computer [3] [6] .
Calibration experiment and data analysis of gas analyzer
The calibration methods of gas concentration among CO, CO 2 and HC are same. Therefore, this paper only describes the calibration experiment of CO 2. The gas analyzer and the vehicle emission test system were used to measure carbonaceous gas in the exhaust, simultaneously. The calibration experimental data was shown on table Ⅱ. In this table, the value of voltage difference was defined as infrared signal intensity absorbed by CO 2, which was detected by infrared detector. The value of CVS was defined as concentration of CO 2 measured by vehicle emission test system.
In order to get the conclusion of relationship between the values of voltage difference and CVS, it took the value of voltage difference as abscissa x, while taking the value of CVS as ordinate y. The 5 order regression equation was gained from the value of voltage difference and CVS. y=-312720.92x5+1495944.33x4-2840854.44x3+2704788.74x2-1318676.6536x+272906.67 (6) In order to verify the accuracy of the equation and the precision of the gas analyzer, the y value was corrected to the concentration of CO 2 measured by the gas analyzer in the software. Then, comparative test between gas analyzer and vehicle emission test system (CVS) was performed. The results were shown in tableⅢ The fitting curve of the measured value of CVS and gas analyzer were shown on figure 6 and 7, which changed with time. From the above figures, when self-designed gas analyzer and CVS measured concentration of CO 2 coming from dilution exhaust simultaneously, they could keep a good agreement. In addition, the maximum relative error of the gas analyzer and CVS was not more than 4%. Therefore, it could get a conclusion that the self-designed gas analyzer was stable and reliable.
SYSTEM SOFTWARE DESIGN
Design of control software
The automatic control software was written by basic and c language. Control block diagram of system was built according to figure8. Its control principle was as follows. The inner cone flowmeter and the gas analyzer were connected with the exhaust pipe. Intelligent measurement module of flowmeter could calculate the total gas flow in each test period accurately. Then, the digital signal coming from intelligent measurement module was sent to computer. Meanwhile, the gas analyzer was to measure the 30 instantaneous state values of carbonaceous gas(CO 2 , CO and HC). After that, the average value was obtained after the analysis and processing of SCM control circuit, which was sent to computer via serial communication. Finally, the fuel consumption value was obtained after analyzing and processing of computer [ 4 ] .
Design of network communication software
The principle of data communication was as following figure9. The experimental data measured by test system could be converted to data obeying TCP/IP communication protocol via the measuring point (computer), which was saved in database by microsoft sql server. Meanwhile, the remote clients could use the web application through the transaction layer to access the data in the database [7] . 
TEST AND RESULT ANALYSIS OF SYSTEM
The fuel consumption test of a light truck was carried out to verify test precision of the system. The test platform was built according to figure 10 [ 7 ] . The test results (as shown in Table Ⅳ) indicated that self-designed fuel consumption test system could satisfy engineering requirements of fuel consumption measurement for vehicle
CONCLUSION
The experimental results showed that the measurement results of fuel consumption using the carbon balance method were very close to those measured by the fuel consumption meter directly. The relative error was controlled at about 1%. Therefore, the self-designed fuel consumption test system for vehicle could be used to evaluate the fuel economy of the vehicle. In addition, if it was equipped with high-precision analysis units of CO, HC and NOx, it can be used to evaluate the performance of automotive emissions.
